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Introduction
Mithun (Bos frontalis) commonly known as "ceremonial ox" in its habitat, is a unique bovine that dwells in the wet forests of northeastern region of India and adjoining parts of Bangladesh, Bhutan, China, Malaysia and Myanmar. The International Union for the *Corresponding author: Tel: +91-581-2303382; Fax: +91-581-2303284; E-mail: subkum@gmail.com, subodh@ivri.up.nic.in NB. *First and second author have contributed equally to the work. Present address: 'CIRB, Nabha, Punjab, 'ICAR, Krishi Bhawan, New Delhi.
Conservation of Nature and natural resources (IUCN) has red listed this animal and declared it as vulnerable. Due to high meat value of this animal, the growth is the most desirable trait for improvement, for which genes attributable to growth need to be investigated. Among all the insulin like growth factors (IGFs) and insulin like growth factor binding proteins (IGFBPs), the IGFl and IGFBP3 are the most important factors that control the growth of an individual. Out of the six IGFBPs, the IGFBPS is produced by kupffer cells of liver and functions as the major carrying protein for IGFl and IGF2 in the circulation and 41 modulates the IGF activity (LeRoith et al., 1995) . Although there are several reports regarding the polymorphism in IGF-1 and IGFBP3 gene in different species of domestic animals yet no reports are available on mithun. The present study is an attempt to ascertain polymorphism in the exon 5 of IGFl gene and exon 2-3 of IGFBP3 gene of mithun.
Materials and Methods
Ninety unrelated mithuns maintained at National Research Centre on Mithun, Mezdiphema and Porba farm, Nagaland from all four types viz. Arunachalee, Nagamee, Manipuri, Mizoram were selected for this study. Fifteen ml of venous blood was collected from each animal i n sterile 1 5 ml polypropylene centrifuge tube containing 0.5 ml of 2.7% EDTA as anticoagulant. DNA isolation was done by phenol-chloroform extraction method (Sambrook and Russel, 2001) . A set of primers (5' ATG TCA CTT TTT CTC GCT TAT T3' as forward and 5' CAT GCA TTT GTG GCT CTT G 3' as reverse primer) was designed on the basis of cattle genomic sequences (AF210383S5), t o amplify a fragment (396 bp) corresponding t o part of intron 4 (27 bp), exon 5 (60 bp) and part of intron 5 (309 bp) of IGFl gene. For IGFBP3, a previously reported primer set (Maciulla et al., 1997) for cattle (5' CCA AGC GTG AGA CAG AAT AC 3' as forward and 5' AGG AGG GAT AGG AGC AAG TT 3' as reverse primer), which encompasses part of exon 2, intron 2, exon 3 and part of intron 3 of this gene and amplified 651 bp fragment in cattle (AF305712) was used. The reaction mixture and PCR programme were optimized to achieve the satisfactory level of amplification in a final volume of 25 pl containing 1 pl of Genomic DNA (80-100 ng), 2.5 pl of 10 X PCR buffer (1.5 mM), 2.5 pl of dNTP mix (0.2 mM), 1.5 pl of MgCl, (1.5 mM), 1 pl each of forward primer and reverse (30 pmol/pl), 0.2 pl of Taq DNA polymerase (5U/p1). For IGFl gene, samples were amplified for 35 cycles with initial denaturation at 94C for 3 min, cyclic denaturation 94C for 45 sec, cyclic annealing at 60C for 45 sec, cyclic extension at 72C for 45 sec followed by final extension at 72C for 10 min, where as for IGFBP3 gene, samples were amplified for 35 cycles with initial denaturation at 94C for 5 min, 94C for 1 min, annealing at 59C for 1 min, extension at 72C for 1 min followed by final extension at 72C for 5 min. Amplified fragments (amplicons) of IGFl and IGFBP3 gene were digested with HindIII (5'AJAGCTT3') and NlaIII (5'CATG 43') restriction enzymes, respectively. Restriction fragments were resolved in 2.5% agarose gel, stained with ethedium bromide in 1X TBE buffer and visualized under U V light. The amplicons of IGFl and IGFBP3 genes were eluted, cloned in suitable pGEMT easy vector (Promega, USA), sequenced and submitted to GenBank (www.ncbi.nlm.nih.gov). The obtained sequences were then aligned with other available sequences of other species using 'MEGALIGN' module of 'DNASTAR' software and the phylogenetic and molecular evolutionary analyses were conducted for better understanding of organization of these genes in mithun.
Results and Discussion
A portion of IGF-1 gene corresponding to intron 4 (27 bp), complete exon 5 (60 bp) and intron 5 (309 bp) constituted the amplicon of 396 bp length and its digestion with HindIII produced two bands of 269 and 127 bp size (Fig. 1) . No polymorphism was found with respect to HindIII and accordingly, the gene and genotype frequencies for this fragment were 1.00. Monomorphism was also observed with respect to AvaII restriction enzyme in a similar study on exon 3 of this gene in the same species (Panigrahi, 2007) . Ge et al. (2001) reported polymorphism at SnaBI restriction site of a 5' flanking region of bovine IGFl gene with allele frequency of 0.55 and 0.45. Monomorphic pattern was observed in buffalo when the same fragment was analyzed by PCR-SSCP (Mishra, 2005) . A significant association of IGF-1 RFLP genotypes with the weight gain during the first 20 d after weaning was observed in cattle (Ge et aZ., 2001 ). Other workers have also found polymorphism in IGFl gene as well as its association with growth traits in exotic cattle (Pereira et al., 2005 , Li et aZ., 2006 , Andrade et aZ., 2008 The amplicon of mithun was 396 bp (Accession number EF686016), similar to that of cattle. The amplified fragment contained only one Hind111 restriction site at 26gth nucleotide position. Only two bands corresponding to the restriction enzyme were obtained in all the individuals showing no mutant allele in mithun under study. Only two single nucleotide differences existed in mithun sequences when compared to that of cattle, which were identified at 290th (T to C) and 342nd (G to T) positions, respectively and homology between them .was 99.5%. Despite the differences, the deduced amino acid sequences showed 100% homology indicating t h a t mutations in these nucleotides occurred in the intronic regions and did not affect the amino acid coding with respect to exon-5.
The 652 bp region of IGFBP3 gene in mithun was one base pair more than cattle with the same set of primers. The submitted sequence (EF686017) comprised of exon 2 (20 bp), intron 2 (474 bp), exon 3 (120 bp) and intron 3 (38 bp). The amplicon upon digestion with NZaIII (CATGJ) yielded two bands of 551 bp and 101 bp (AA genotype). All the bands were distinctly visible (Fig. 2) . This suggested that amplicon of IGFBP3 gene contained one RE site for NlaIII. No polymorphism was found with respect to this restriction enzyme in all the mithun screened hence the gene and genotype frequency were 1.00 while, Maciulla et al. (1997) found polymorphism at the HaeIII site on 331st nucleotide of the same fragment in Holstein, Hereford and Angus breed of cattle. There was an insertion T a t 617th position in the third intron of mithun when compared to most of the species hence, the length of the fragment became 652 bp as compared t o 651 bp in cattle. Most of the insertions, deletions and substitutions took place in second intronic region, except G614A in exon 3 which was a silent mutation thus conserving the glutamine (Gln).
Six single nucleotide differences existed in mithun sequences when compared to cattle, which were identified to be T34C, C164G, T175C, A354G, T599C a n d G614A and homology between them was 98.2%. Despite the single nucleotide variations, the amino acid sequences showed 100% homology indicating that variations in these nucleotides did not affect the amino acid coding with respect to the amplified fragment. 100% homology in amino acid sequences was also noticed in mithun when compared to buffalo, horse and pig. The sequence of A allele, which was the first report on IGFBP3 gene in mithun, was submitted to GenBank (Accession No. EF686017).
It has been observed that the regions of IGFl and IGFBP3 genes, which possess nucleotide variations, could be considered as candidates for marker identification in mithun.
